Background: Breast cancer is the second most common cancer in the world after lung cancer and the most common cancer among women. Most of the women exhibit interindividual variation to cytotoxic therapy. It may be due to the genetic polymorphism of genes involved in pharmacokinetics and pharmacodynamics pathways of drugs. Various studies implicated the role of p53 gene polymorphism in the sensitivity of apoptosis. Objective: The objective of the study was to know the effect of p53 tumor suppressor gene 72 codon polymorphism on response in breast cancer patients receiving anthracycline-based neoadjuvant chemotherapy. Results: A total of 170 patients were enrolled for the study. The median age of the patient group was 50 year (23-60). The majority of patients were post-menopausal (61%). Most of the patients were node positive and also found to have grade II tumor. Hormone receptor positivity of estrogen, progesterone, and human epidermal growth factor were 48%, 37%, and 60%. The genotype of 72 G>C codon polymorphism was done by real time-polymerase chain reaction The frequencies of wild homozygous variant GG, heterozygous variant GC, and mutant homozygous variant CC were found to be 42%, 43%, and 15% respectively. 145 patients were assessed for response of which 133 patients were found be responders and 12 patients were found be non-responders. The genotype frequency of P5379G>A variant were significantly different between patients having a complete and partial response in the recessive genetic model (RR=0.2972, C.I=0.078-1.122, P=0.03.). However there was no association of genotypes with progression-free survival and overall survival. Conclusion: This study concludes that p53 gene polymorphism partially may have a role in predicting the response in breast cancer patients. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
INTRODUCTION
In India, breast cancer accounts for 5-8% of all cancers, and there is an increase in incidence every year. It is the most prevalent cancer in urban Indian women and the second most common in rural women. India reports roughly 100 000 new cases per year and incidence rates have been increasing by up to 5% per year. 1, 2 The introduction of neoadjuvant chemotherapy in the management of breast cancer was very useful to the patients because previously inoperable tumors are amenable to surgery, and it helps in retaining the control of existing systemic disease. Most of the patients up to 50% of women receiving preoperative cytotoxic therapy do not respond to the treatment. 3, 4 The clinical response to neoadjuvant chemotherapy is mostly imprecise and not an accurate reflection of the pathologic response. 5 Studies reported patients having the complete pathological response after neoadjuvant chemotherapy have a significant longer progression-free and overall survival. 6, 7 So identification and establishment of genetic markers predictive of patient responses will result in improved survival rates and also prevents toxic effects of cytotoxic therapy due to better selection of dose and drugs. Anthracycline-based regimens are widely prescribed for neoadjuvant chemotherapy in breast cancer patients. Anthracyclines like doxorubicin, epirubicin, daunorubicin as well as alkylating substances (cyclophosphamide) induce DNA damage. It leads to apoptosis due to p53 activation. 8 The biological functions of the p53 tumor suppressor gene are much wider which makes it a potential predictive marker for tumor response. P53 mainly functions as a transcription factor by regulating normal cell growth by controlling genes that promote progression and also controls the genes that cause arrest in G1 when the genome is damaged. 9 Activation of p53 can further promote apoptosis in growth-arrested cells and helps in execution of programmed cell death in response to DNA damage. Some studies have been undertaken to study the usefulness of p53 as a predictive factor in cancer patients. 10, 11 Among the variants in p53 gene p53 72 codon polymorphism (rs1042522) was extensively studied. 12 The p53 tumor suppressor gene has 11 exons, located on chromosome 17p13. The codon 72 polymorphism is located in exon 4 with a C-C-C encoding proline or C-G-C encoding arginine Arg72Pro. 13 These functional differences between the polymorphic variants may alter the tumor response to systemic chemotherapy by influencing the apoptotic capacity. Although some of the studies 14, 15 have reported that p53codon 72 polymorphism may affect cancer risk for certain types of tumor, only limited studies carried out to show the predictive value of this polymorphism for tumor response to neoadjuvant chemotherapy. In this study, we hypothesize that the p53 codon 72 polymorphism may influence the clinical outcome of the anthracycline-based neoadjuvant treatment of South Indian breast cancer patients.
MATERIALS AND METHODS

Study population
After obtaining the institute ethics committee approval patients were recruited between January 2013 and June 2014 in the outpatient department of medical oncology, Jawaharlal Institute of Post-graduate Medical Education and Research, Puducherry. All newly diagnosed breast cancer patients were screened. Patients with locally advanced breast cancer who were going to receive anthracycline and taxane-based neoadjuvant chemotherapy were included in this study. Patients, having metastasis, male breast cancer patients, contraindications for chemotherapy and known allergy to iodine-based contrast materials were excluded. For the confirmation of the diagnosis in patients, fine-needle aspiration cytology and core needle biopsy were done. Patients were given the verbal explanation about their disease and the drugs prescribed to them. All patients who gave informed consent voluntarily were included in the study. ) for 3 cycles once every 3 weeks followed by Docetaxel 75 mg/m 2 for 4 cycles once every 3 weeks. Primary GCSF prophylaxis was given for patients receiving docetaxel at the dose of 100 mg/m 2 and secondary GCSF was given if required for all other patients. Patients underwent MRI scan of the breast before the first cycle of chemotherapy and after the completion of chemotherapy. Tumour response was assessed using Response Evaluation Criteria in Solid Tumors (RECIST) criteria based on MRI scan. Progression-free survival is defined as the time since the start of treatment to the occurrence of the first event. Overall survival is defined as time since diagnosis of disease to death.
Treatment protocol and end points
DNA Extraction and Genotyping
From the recruited patients 5 ml of blood was collected in the tubes containing ethylenediaminetetraacetic acid (EDTA) as the anticoagulant for the extraction of DNA. Blood was centrifuged at 3000 g, and supernatant plasma was discarded. The leukocytes were separated and subjected to DNA extraction by phenol-chloroform method. The extracted DNA was quantified using bio photometer (Eppendorf AG 22331, Germany). Genotyping was carried out by real-time PCR (7300 Applied Biosystems; Life Technologies Corporation, USA) using TaqMan SNP genotyping assays [Assay id: C____2403545_10].The version 1.4 of 7300 sequence detection software (SDS) was used for allelic discrimination.
Statistical Analysis
The observed genotype frequencies were tested for Hardy-Weinberg Equilibrium (HWE) by using the chi-square test. The association of polymorphic variant of p53 72 G>C and response to neoadjuvant chemotherapy were analysed by calculating the relative risk and 95% confidence intervals (CIs) using the 2-tailed Fisher exact test. Survival analysis of patients were done by plotting Kaplan-Meier curves for progression free survival and overall survival among the genotypes. The log-rank test was used to assess for statistical significance of the effect of genotypes on progression free survival and overall survival. For the estimation of the hazard ratio (HR) with 95% confidence interval (C.I) univariate cox regression analysis was used. Statistical analysis of data was performed using GraphPad Instat 3 (GraphPad Software Inc., San Diego, CA, USA) and SPSS software (version 16). P < 0.05 was considered significant.
RESULTS
Patient and tumor characteristics
Between January 2013 and June 2014, a total of a 176 locally advanced breast cancer patients were enrolled into the study. Of these six patients were ineligible, which include three patients had organ dysfunction (Cardiac-2 and renal-1), and three patients had metastasis. After excluding these six patients, a total of 170 patients were included in the analysis. The median age of the patient group was 50 year (23-60). The clinicopathological characteristics across genotypes are summarized in Table 1 .
Primary tumor and pathological response to neoadjuvant chemotherapy 145 patients were assessed for response using RECIST criteria. 25 patients MRI could not done.45 patients (31%) showed completed response, eighty-eight patients (60%) had a PR, and 12 patients (9%) had no response. Thus, objective response using RECIST criteria was 91%. Of the 170 patients, 152 (89%) patients underwent surgery. A total of 18 patients did not undergo surgery. Forty eight patients had a pCR in the study group. Pathological complete response (pCR) was seen in 32% in patients who underwent surgery.
Genotyping and association with response
The effect of genotypes on response of the patients were assessed by Fisher's exact test. The genotype frequency of p53 72G>A variant were not significant between responders and non-responders and also in dominant and recessive genetic model (Table 2) . However, the genotype frequencies of p53 72G>A variant were significantly different between patients having the complete and partial response in the recessive genetic model (RR=0.2972, C.I=0.078-1.122, P=0.03 (Table 3) ). In our study similarly comparing the patients having complete pathological response and not achieving the complete pathological response in both genetic models were not found to be significantly different (Table 4) .
Survival analysis
Patients with homozygous wild genotype (GG), heterozygous mutant genotype (GC) and homozygous mutant genotype (CC) had a mean progression free survival (PFS) time of 33 months, 30 months and 31 months respectively. (HR = 1.15, 95% CI = 0.83 to 1.58, p = 0.422 Figure  1 ) and overall survival (OS) time of 35.7 months 33.3 months and 35.1 months (HR = 1.12, 95% CI = 0.76 to 1.62, p = 0.58 Figure 2 ). There was no significant difference in PFS and OS time between genotypes.
DISCUSSION
The importance of genetic makeup of the patients in the pharmacotherapy of cancer is widely accepted. Breast cancer is heterogeneous disease and has a lot of subtypes which responds to chemotherapy differently. So understanding the nature of the tumor characteristic along with the genetic information of patients were important. Several studies suggest that the p53 codon 72 polymorphism substantially controls p53-dependent apoptotic activity. 16, 19 It was reported that the wild-type p53-GG genotype is more efficient in inducing apoptosis than the mutant p5372-CC genotype. 16 So we have investigated the effect of p53 codon 72 polymorphisms on tumour response based on MRI and pathologic response to neoadjuvant chemotherapy in locally advanced breast cancer.
Journal of Young Pharmacists, Vol 9, Issue 1, Jan-Mar, 2017 Among the 170 breast cancer cases who were genotyped, the genotype frequencies were 72 p53Arg72Arg (42%), p53Arg72pro (43%), and 25 p53Arg72pro (15%) respectively. The allele frequencies of p53 codon 72 polymorphism were 0.41 for the G allele and 0.36 for C allele. The observed genotype frequencies were in Hardy-Weinberg Equilibrium. We have analysed for the differences in clinical characteristics among genotypes. We observed no statistically significant association between the genotypes and clinicopathological characteristics such as menopausal status, histologic type, tumor grade tumor size, lymph node status and hormonal receptors ( Table 1 ). The association of breast cancer pathologic features and p53 genotypes findings were erratic. Studies had reported that the p5372 CC homozygotes were often seen with grade 1 tumors and involvement of positive axillary lymph node status. 20, 21 The reason for the p53 72 G>C genotypes association with certain clinical, and pathologic features of breast cancer are currently unknown. In this study p53 codon, 72 polymorphisms variants were not significantly different between responders and non-responders. Similarly comparing genotypes of the patients having the pathological complete response and not achieving complete response were not found to be significant. However, there is an association between genotype and response between patients having a complete and partial response in the recessive genetic model (RR=0.2972, C.I=0.078-1.122). 95% of patients harbouring GG or CG genotypes were found to achieve complete response whereas only 5% harbouring CC genotype had achieved the complete response. Xu Ye et al 21 ing the Pro/Arg or Arg/Arg variant, patients who were harboring the pro/pro variant were less sensitive. Our results are in agreement with this study. To the best of our knowledge, no studies have reported the predictive role of the p53 72G>C polymorphisms in response to neoadjuvant chemotherapy in South Indian population. We are the first to report the predictive role of p53 codon polymorphism in our South Indian population. An in vitro study showed that doxorubicin, 5-FU, and cisplatin-induced the apoptosis in human H1299 cells which have the Arg/Arg genotype than the Pro/Pro genotype. In a study it reported that, doxorubicin and cisplatin drugs were more cytotoxic to cells expressing the Arg variant. 18 Our data are in agreement with this study. In our study the survival analysis of patients shown that there is no association between the genotypes and progression-free survival (HR = 1.15, 95% CI = 0.83 to 1.58, p = 0.422) and overall survival (HR = 1.12, 95% CI = 0.76 to 1.62, p = 0.58).There was no noticeable difference in mean survival time of PFS and OS time between genotypes. In contrast to our study in Japanese breast cancer patients of Pro/Pro genotype having worst disease free survival. 22 Similarly, the Finnish study implicated the role of Pro/ Pro genotype of p53 in poorer disease free survival. 20 Similarly, the p53 72 Pro allele was associated with bad prognosis in the ovarian cancer patients. 23 In our study, the p53 72 codon 72G>C polymorphism was predictive of complete tumour response of anthracycline-based chemotherapy. However, there is no association with progression-free survival and overall survival. This noticeable difference may be due to the minimal follow-up period. The mean overall survival and progression-free survival of our study are 36 and 33 months compared to other studies having the long follow-up. The present study is sufficiently powered to show p53 72G>C polymorphism association with the complete response in patients harbouring Arg/Arg variant.
CONCLUSION
In the present study, our results showed that p53 72 G>C polymorphism Partially predicts the response to neoadjuvant chemotherapy with the Arg/Arg variant patients achieve better complete response. However, this genotype had no association with overall survival and progressionfree survival.
